We describe the first total synthesis of antipathine A and a revision of the original structural assignment.
The structural diversity and the manifold biological activities of carbazole alkaloids have induced a strong interest in isolation and total synthesis of new members of this class of natural products. [1] [2] [3] [4] [5] Important natural sources are, for example, higher plants of the genera Murraya, Clausena, and Glycosmis of the family Rutaceae. Apart from classical procedures for construction of the carbazole framework, several new procedures using transition metals have been developed. We described an iron-mediated and a palladium-catalysed approach for the synthesis of carbazoles. 4, 5 In 2009, Qi et al. isolated antipathine A, a new carbazole alkaloid from the South China Sea black coral Antipathes dichotoma. 6 They postulated structure 1 for this natural product ( Figure 1 ). Due to the inherent high strain of the 1,3-bridged ring system, Hill et al. questioned the structural assignment for antipathine A. 7 Based on the published spectroscopic data, we suggested structure 2 for antipathine A and developed a synthetic access to this compound using our methodology for carbazole construction (Scheme 1).
Compound 2 should be available by oxidative cyclisation of the diarylamine 3. Two alternative routes have been considered for the synthesis of this diarylamine. Retrosynthetic analysis of 3 following route A suggests bromobenzene (4) and 6-amino-1,3-dimethylquinazoline-2,4-dione (5) as precursors, whereas route B leads to aniline (6) and 6-bromo-1,3-dimethylquinazoline-2,4-dione (7). The first approach (route A) starts from 2-amino-5-nitrobenzoic acid (8, Scheme 2) . Condensation of 8 with urea afforded 6-nitroquinazoline-2,4-dione (9). 8 Double Nmethylation of 9 using tetraethylammonium hydroxide and dimethyl sulfate led to 1,3-dimethyl-6-nitroquinazoline-2,4-dione (10), 9 which on catalytic hydrogenation provided 6-amino-1,3-dimethylquinazoline-2,4-dione (5). Buchwald-Hartwig amination of bromobenzene (4) with 5 using SPhos as ligand 10 afforded 1,3-dimethyl-6-phenylaminoquinazoline-2,4-dione (3). Using route A, the diarylamine 3 is available in four steps and 45% overall yield.
For the synthesis of diarylamine 3 via the alternative route B we used 2-amino-5-bromobenzoic acid (11) as starting material (Scheme 3). Condensation of compound 11 with urea led to 6-bromoquinazoline-2,4-dione (12) . Subse- The palladium(II)-mediated oxidative cyclisation of compound 3 in acetic acid solution led to the pyrimido [4,5-c] carbazole-1,3-dione 13 as major product in 68% yield (Scheme 3, Table 1 ).
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The desired pyrimido [5,4-b] carbazole-2,4-dione 2, presumably identical with antipathine A, was isolated in only 3% yield. However, using pivalic acid as solvent, 5j,5k,12 the regioisomeric carbazoles 2 and 13 were obtained in 93% yield and a ratio of 1:3. Thus, compound 2 could be isolated in 23% yield and fully characterised by its spectroscopic data. 
LETTER

First Total Synthesis and Structural Revision of Antipathine A C
The strong preference for compound 13 appears to be surprising, since the carbazole with the [c]-anellated pyrimidinedione ring represents the sterically more congested ring system. We assume that the C-H bond activation of 3 preferentially occurs in the position ortho to the carbonyl group via coordination of the oxygen to palladium.
14 This directed palladation leads to complex 14b (Scheme 4). A second intramolecular C-H bond activation generates palladacycle 15b. Reductive elimination of 15b provides the pyrimido[4,5-c]carbazole-1,3-dione 13 which is observed as major product of these cyclisations. We have recently been able to isolate a palladacycle related to 15b and demonstrated its reductive elimination to 4-substituted carbazoles.
14g
Nondirected palladation to complex 14a followed by cyclopalladation to 15a and reductive elimination ultimately affords the pyrimido [5,4-b] carbazole-2,4-dione 2. Alternatively, palladacycle 15a might also be formed by initial electrophilic palladation of the phenyl ring and subsequent cyclopalladation. Presumably, the increased steric demand of the pivalate ligand relative to an acetate ligand renders the nondirected palladation (metallation at the more easily accessible position C7 or at the phenyl ring) more competitive to the directed palladation (metallation at C5). Using pivalic acid as solvent leads to a cleaner course of the reaction, 5j,5k,12 and the pathway via complex 14a and palladacycle 15a leading to carbazole 2 is gaining importance relative to the route leading to isomer 13. Careful analysis of the NMR data for our synthetic compound 2 supported by COSY, NOESY, HMBC, and HSQC experiments led to a full assignment for all 1 H NMR and 13 C NMR signals (Table 2 and Table 3 , Supporting Information). 13 Comparison of the spectroscopic data for our compound 2 with those published by Qi et al. for natural antipathine A revealed that several 1 H NMR and 13 C NMR signals have been wrongly assigned in the original publication which led to the incorrect structure. 6 In particular, the NMR signals for the following atoms had to be reassigned: 2-H as 1-H, 5-H as 8-H, 8-H as 5-H, C2 as C1, C4a as C2, and C1 as C4a (Table 2 and Table  3 ). Also some of the reported HMBC correlations were revised (Table 4 ). The combined spectroscopic data unambiguously confirm that carbazole 2 represents the correct structure for antipathine A.
In conclusion, we have developed a synthesis of carbazole 2 using a palladium-catalysed Buchwald-Hartwig coupling and a palladium-mediated oxidative cyclisation as key steps to construct the carbazole framework. Our approach provides carbazole 2 in four steps and 15% overall yield based on 2-amino-5-bromobenzoic acid (11) . The spectroscopic data emphasise that the original structural assignment needs revision and confirm that the structure of our synthetic compound 2 is identical with natural antipathine A. 6 and have now been revised as shown. 
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